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1 RFARFM

1.1 FMAE

1.1 FHAR

m

j PESE

Gowin DVI TX RX IP F /' fe /s E E N A BEFE = Mk . TheghiiR. idE
WH. %15, BEFIIH P PUE T # Gowin DVI TX RX IP FIHR4: &

it FH 5%

1.2 #X3HE

IPUG938-2.2

I B S E =L SR M EE www.gowinsemi.com.cn T UL R, BAFLLT

FHIRSCH

DS100,
bBS117,
DS821,
DS861,
DS8/71,
DS881,
DS891,
DS102,
DS226,
DS961,
DS976,

GWIN %51 FPGA 7= i ¥t Tt
GWINR %1 FPGA 7= 5 s F it
GWINS £7%1] FPGA 7= & 58 it
GWINSR #7%1 FPGA 7= i 8l F it
GWINSE %7414 FPGA 7= i 8 it
GWINSER #4174 FPGA = i 5dE Tt
GWINRF #7415 FPGA 7= i s F it
GW2A %51 FPGA 7= fi 34 it
GW2AR #7%1] FPGA 7= & 508 it
GW2ANR #7%1| FPGA 7= i 8l F- it
GW2AN-55 Z1+ £ 45 F Mt

SUG100, Gowin =5 HtEH P15 r
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http://cdn.gowinsemi.com.cn/DS861.pdf
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http://cdn.gowinsemi.com.cn/DS881.pdf
http://cdn.gowinsemi.com.cn/DS891.pdf
http://cdn.gowinsemi.com.cn/DS102.pdf
http://cdn.gowinsemi.com.cn/DS226.pdf
http://cdn.gowinsemi.com.cn/DS961.pdf
http://cdn.gowinsemi.com.cn/DS976.pdf
http://cdn.gowinsemi.com.cn/SUG100.pdf

1 RFARFM

1.3 RiE. 4ingiE

1.3 Ki&. EREIE

AP LRI AR TE « g1 KA OB Lk 1-1 Fror .
® 11 RiE. EWIE

Rif. 450870E | & RS

FPGA Field Programmable Gate Array BT AR T %)
SRAM Static Random Access Memory FRAS B LA DU 2%
VESA XgagﬁrwwsmMNﬁ W TR
DVI Digital Visual Interface B i N
DDWG Digital Display Working Group Brion T/EA
T™MDS 'Sl'zggzm?gn Minimized Differential B MUAE R A5 B
VS Vertical Sync EHFD

HS Horizontal Sync KPR D

DE Data Enable EAET P

P Intellectual Property HIR =L

RGB R(Red) G(Green) B(Blue) AR SN TR ]

14 FARZFHSRIRE

ez PRSI ALEOR SR, AR A IR P A AR ] S 1) B
MHEZES A FERR:

MHk: www.gowinsemi.com.cn

E-mail: support@gowinsemi.com
Tel: +86 755 8262 0391
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2 ik

2.1 ik

2.1 #E&

R

DVI (Digital Visual Interface), BI#¥rstisiizr, £&HET

TMDS(Transition Minimized Differential Signaling, &H/MbA&Z 7015 5) 8
RRAE I TAE S - DVI TX IP FTHCHHATIANE 5, A5 HRE DVI #riY
Zmid % TMDS 15 5%ith. DVIRX IP i T TMDS 55, #AJ/51R4#E DVI
PP BURRS BRI AT IS 5

% 2-1 Gowin DVI TX RX IP

Gowin DVI TX RX IP

W BT H5 Wk 2-2 fIF 2-3,

Ao A

i Eis Verilog (encrypted)

WA Verilog

TestBench Verilog

bIUNF o a i

CREBAr GowinSynthesis®

N FH Gowin Software (V1.9.5.02beta /U )

2.2 FEYFHE

2.3 #HiEFIAH

SCHF DVI 1.0 it

¥ DVI-D #1115

% Single-link TMDS 1% %i;

KARHEEZESE S

PR T H R e ] SRR FEL Y 80Mb/s~800Mbs;

BT Verilog & & 528 DVI TX Al RX. RS FH S8R 25 . T R 28 2

AN, FAEREMBHIREA G OLATREAF . Llisi s GWIN-4 551 FPGA i,

IPUG938-2.2
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2 HER 2.3 FIEFH
DVI TX fil RX T JEF A IF Rk 2-2 fik 2-3 fis.
£ 2-2DVITX SHEE
Eda Yl HEES PRAE AR FYRFI &1
LUT 335
REG 91
W1N-4 - H
G 6 - 1 fic & P8 PLL
OSER10
% 2-3 DVIRX HHKIE
RERY HEER PRAE AR BHYRF %1
LUT 768
REG 294
PLL 1 N
GW1N-4 -6 CLKDIV 1 Jicl & N3 PLL
IODELAY 3
IDES10 3
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3 hRehik 3.1 RGHEK

3 TheefmiAk

3.1 AAIEE

Gowin DVI IP %325 DVI TX IP #1 DVI RX IP, 2 R G HE E un & 3-1 s
E 3-1 RGHER

TMDS Link
I_clk N Channel0 . O_clk N
I_vs > O_vs
= Channel 1 d
Video |_hs > O_hs |  Video
Source |_de » DVITXIP Channel2 DVIRX 1P O_de Sink
|_data _ Channel clock O_data

3.2 SLINHE[E
3-2 SLIHERE
Recovered

Input Streams T.M.D.S. Link Streams

T.M.D.S. transmitter A T.M.D.S. receiver

BLUT0]l  gulpfro] ~ o - Dy7-07 (—BLU[Z0] g | BLU[T:0] g
- 58 =
HSYNC _ girp 2N e cp —HSYNC g | | HSYNC
VSYNC _ gley 82 > 273 c1 |_VSYNC VSYNC
DE & 33 DEO
- DF ga DE -
RN Channel 0 D0 : = .
[7:0] Do) — o — 5 _GENIZ.Q]_'. S JEMZ.QL,
: =l )
o el &8 Channel 1 |55 oS E [0
CIL1 oo, S8 88 alfl_p § [,
(7} H—
. 58 Channel 2 é 8 DE —DEL > f
o}
Channel C g c g
S _ D7 o] —RERIZOL gl E RED[7.0] ,
RED[TO] _puipy7:0 — 5 > olcm o 8 I,
Ly g 38 glbem o L,
L3 gl 275 H > &8 .| DE o 2
xr o = = DE
ppE WO = X
K . . _CaK
» >
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3.2 SEIKEE

DVI TX IP EE A FEgmidiith, HATHBEL. DVIRX IP £ A FE AL

B, i B AT RN A X S A

3.21 DVITX

A DVI PhishitE, 7EH link 1) TMDS A& I& %L & 3 A7 1) A AR

B, BAHEHSIAE S EN 0 ERA N R 3-2, J#IE 0 XN 4oy
&, HEE1THEPES HSYNC, 1 [FP{55 VSYNC, HiE 1 X N4kt 5 &,
WG 2 XN E . B {ES CTLO, CTL1, CTL2 F1 CTL3 W 4i# A 0.

GRS HL T H B SE A 3-3 For, B S 5 E K 3-1 s

3-3 TMDS 4rf3E L2 E

|
DE, D[0:7], CO, C1, cnt(t-1)

{ND}=4) OR
{N,{D} == 4 AND D[0] == 0}

l_FN-SE

q_mi0] = D[Q;
a_m[1] = q_m{0] XOR D[1];
a_m[2] = q_m(1] XOR D[2];

a_m(7] = a_m(6] XOR D[7;
g_m[8]=1;

TR UEl

g_m[0] = D[O;
o_m[1] = q_m[0] XNOR D[1];
q_m[2] = q_m[1] XNOR D[2];

a_m[7] = q_m[8] XNOR D[7];
g_m[&] =0;

IPUG938-2.2

Cnt(t) = 0;
r case (C1, CO)

K 00: g_out[0:9] = 0010101011;
E == HIGH

FALSE 01: g_ouwt[0:9] = 1101010100;
10: g_out[0:9] = 0010101010;
11: g_out[0:9] = 1101010101;
TRUE endcase
(Cntit-1)==0) OR TRUE

(My{q_m[0:7]}==Mg{q_m[0:7]})

q_out[9] =~q_mi[8]:
q_out[8] =g_m[8];

| q_out[0:7] = (g_m[8]) ? g_m[0:7]:~gq_m[0:7]);
F.-'-\I;SE

(Cntt-1)>0 AND q_m(8]==
(My{q_m[0:7]}=Ng{q_m[0:7]})
OR
(Cntit-1)=<0 AND

la_m{0:7]}>M,fa_m[0:7]

FALSE

q_outja] = 1;

q_out[8] = q_m(8];

g_outf0:7] = ~g_m[0:7];

Cnt{t) = Cnt(t-1) + 2*q_m[8] +
{Ngla_m[0:7T} - N fg_m[0-7I};

Cniit) = Cnt{t-1)+
(Myfa_mil0:7]} - Nyfg_m[0:7]});

TRUE

FALSE

g_out]3] = 0:
q_outfe] = q_m[&]; r
q_outf0:7] = q_m[0:7];
Cntit) = Cnt(t-1) - 2*(~g_m[B])

+ (M {q_m[0:7]} - M{aq_m[0:7T});

Cnt(t) = Cnt{t-1) +
(Mgfa_m[Q:7]} - Ny{g_m[0:7]H;
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3 Thiediik 3.2 SLHHE K
% 31 RBEEEX
55 ik
.CoCLDE | MHESHHU AU . D28 bits{R R Ml CORCLIA NI K4 141
I i, DERMIRMEALES .
A T IR R I 25 5. TR DRI “17 (02 RB0R
cnt FUEFR ORI “07 (9% 28R, RikRont{t-1)F R — 4l A%
HRATHT— A A Rk ent{t) e 4 B A\ B 2 S
q_out q_outs&10 bits gL HiE -
N {x} VB R xR <17 AL
Nofx} B R X 407 [ANEL

it iS5, 8 bits FIALAIEHE 5k 10 bits £k, SRR H F17 8%
OSER10 ¥ 347 5 3 iR AT Bl A& 4, SR A bit O AL seA& 5

3.22 DVIRX

DVI RX & Jc NI Bl iE vk 2 B AZ =8, JF 7= 5 4TI B 2R
Je A A 55 2% IDES 10 K5 84T B4 1% 10 bits AT HE

FRARLERIAE ST A A A HS A1 VS [Igmh(l, #HTEER X5,
SRR BRI K B E /D KT 128 B 77 R .

RN T2 5, AT, SR EEmE 3-4 Fis. S IEIER G
5R, G, BAERXMNKAMKE 3-2 Fix.
3-4 TMDS R E % RIEE

|
D[9:0]

Active Data?

TRUE i
D[7:0] := ~D[7:0];
FALSE |
TRUE
FALSE
) J

Q[O] := DIO]; Q[0] = D[0];
case (D[0:9]) Q[1] = D[1] XNOR D[0}; Q[1] = D[1] XOR D[0];
case 0010101011: C[1:0] : = 00; Q[2] = D[2] XNOR D[1]; Q[2] := D[2] XOR D[1];
case 1101010100: C[1:0] :=01:|  |Q[3] := D[3] XNOR D[2]; Q[3] := D[3] XOR D[2];
case 0010101010: C[1:0] 1= 10| [Q[4] := D[4] XNOR D[3]; Q[4] = D[4] XOR D[3];
case 1101010101 C[1:0] : = 11; Q[5] := D[5] XNOR D[4]; Q[5] := D[5] XOR D[4];
endcase; Q[6] = D[6] XNOR D[5]; Q[6] := D[6] XCOR D[5];
Q[7] = D[7] XNOR D[6]; Q[7] := D[7] XCOR DI6];

IPUG938-2.2 7(25)




3 Thae ik 3.3 i O 4%
LLY
3.3 iim A%z
3.3.1 DVITX ix O
Gowin DVI TX IP [ 10 % 4B 3-5 AR
& 3-5 DVI TX IO #i ORERE
= |_r=tn
N O_tmds_clk_p =
= _mb_vs
O_tmds_clk_n
—® |_gb_hs
—# |_rgb_de
O_tmds_data_p[2:0] fe=—i
el |_rgb_r[7 0]
= Lrob_g[7:0] O_tmds_data_n[2:0] =i
= |_rgb_b[7:0]
WL E S EOAE, i S EE AN A .
Gowin DVI TX IP [1] 10 ¥ 4R IR Wk 3-2 Frs .
& 3-2 Gowin DVI TX IP s 53R
F5 | 558K JrlAEl | ik SEs
1 I_rst_n | ghifss, [KRAK. IRCKERS]
2 | Iserial_clk I {6 P 9 BN B B 5 % *ﬁﬁ; E'j
i - * JrmzL
I‘_serlal_clk =1 rgb clk*5 DVI TX IP
3 I_rgb_clk | PG A AR 2R KB,
4 I_rgb_vs | RPN IR AYS ERes
5 I_rgb_hs | A NAT R P hsfE =
6 |_rgb_de | AT N B AL fede (s 5
7 |_rgb_r | P N B R 7 &
8 I_rgb_g I AN B G &=
9 I_rgb_b | AT NS B 7y &
10 O_tmds_clk_p o By HTMDS 22 435 5 i B 1E oty
11 O_tmds_clk_n o) I HH TMDS 2 735 5 I B A7 ity
12 O _tmds data p | O i HH TMDSZ 705 5 804 1E Ui

IPUG938-2.2
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3 YiReitiiR 3.3 5 5%
F5 | B9 %K A HiE
® HIHOXS MK L)
® HIHLX ML)
® HIH2X ML
13 O_tmds_data n | O i H TMDS 2 4315 5 504 £ it
® HIHOXS MK )
® HIHLIX ML)
® HiH2X ML SR
3.3.2 DVIRX i[O
Gowin DVI RX IP [#] 10 i 131 3-6 Fione.
[ 3-6 DVI RX 10 # [ EE
O_rgb_dk —™
= | =t
O_rgb_vs [
= | _tmd=s_dk_p
O_rgbh_hs [~
= | tmds_dk_n O_rgb_de
O_rgb_r[7:0] e
=P | _tmdz_data_p[2:0]
O_rgb_g[7:0] e
= |_tmd=_data_n[2:0]
O_rgb_b[7:0] p=—_
WL E S EOAF, i S 8E AN A .
Gowin DVI RX IP (] 10 ¥ A IR W 5R 3-3 fias .
& 3-3 Gowin DVI RX IP Wi O FIFR
5 | E54% JE | A HVE
1 I_rst_n | Shifss, KRAK. KRR
N e i BN
2 |_tmds_clk_p I I\ TMDS Z /35 5 i) g 1 iy s
=]p53
3 |_tmds_clk_n | i\ TMDS Z 35 5 i o £ g DVI RX IP
4 |_tmds_data_p I N TMDS Z 705 5 508 1E i NBH
® HE O XKL E
® HIE 1 XMLkt R
® HiE 2 XAt
IPUG938-2.2 9(25)




3 Rt 3.4 BYWE
B | 54K RES ik
5 |_tmds_data_n I N TMDS % 45 5 ¥ i .

® HIE O XM
® HIE 1 XMLt R
® il 2 XML
6 O_tmds_clk @ ® [ AR B S S A R
®  TMDS 22505 b5 5
7 I_serial_clk I 155 AR B0 A5 5 A 2
® | serial_clk = O_tmds_clk * 5;
® LI B ARLL T ARYE PR AR, ER
A 90 .
8 O_pll_phase o ® AN B A S R
® PN IRPLLA H B AL o
® HHSHLIXRKAR: 0:0.0,
1:22.5, 2:45, 3:67.5, 4:90,
5:112.5, 6:135, 7:157.5, 8:180,
9:202.5, 10:225, 11:247.5,
12:270, 13:292.5, 14:315,
15:337.5
9 O_pll_phase_loc | O ®  UR{d FHAMEI B LS 5 2L
K ®  PEBPLLY I A R 2
10 O_datar_bf o fii il Debug RIS B2, 755 RT
Bedl, sy,
11 O_datag_bf o) i Debug &I AR, X FFHT
il s,
12 O_datab_bf 0 fdi ] Debug RIS A 2%, X5 RT
B, EEsE.
13 O_rgb_clk @ M AT 15 2R A b
14 O_rgb_vs o WA 35 25 vs 55
15 O_rgb_hs o M AT hs (55
16 O_rgb_de o PR AT B (5 B de 155
17 O_rgb_r @ A B R &
18 O_rgb_g o AT H 2 G 7
19 O_rgb_b o PRATS H 5 B 4 &

34 BHELE

3.4.1 DVITX &%

IPUG938-2.2

& 3-4DVITX 8H
FFe | S8 RVFERE | BUAME fiik
1 Using External Clock Yes/No No R e %S, Mg
PSR & AT I B
|_serial_clk;

10(25)




3.4 ¥ E

Fra | ZHAW SRVFEHE | BRAE i3
A, TE 1P PERIE
PLL 4.
TX Clock In Frequency | 10.0~80.0 | 40.000MHz | % \f% 28454
3 IO Setting TLVDS/EL | TLVDS 10 Buffer 2874
VDS
3.4.2 DVIRX &%
& 3-5 DVIRX ¥
FFs | S840 SRVFEE | BRAE ik
1 Using External Clock Yes/No No R e %S, NS
PN ER AT I B
|_serial_clk; &, 7£
IP RIS PLL ™
Ao
RX Clock In Frequency | 10.0~80.0 | 40.000MHz | #ii NG Z I 0 AR
Phase Search Mode Auto/Manu | Auto PLL %y 5 AT e AH
al R RAR
® Auto: HaEA
® Manual: F3IK
X, A RX
Clock Out Phase
FHALAE
4 RX Clock Out Phase 0.0/22.5/45 | 90 Phase Search Mode
/67.5/90/11 NTF BB, i
2.5/135/15 I BT AL
7.5/180/20
2.5/225/24
7.51270/29
2.5/315/33
7.5
5 Channel0 10 Delay 0~127 Ops 10 ZEI} 24
Value
6 Channell 10 Delay 0~127 Ops 10 FER} 454
Value
7 Channel2 |0 Delay 0~127 Ops 1O %iE i 75 il
Value
8 Auto Phase Simulation | Yes/No No Debug i%£5i, Phase
Acceleration Search Mode A H )
R I, 40
LA FATHT T A I,
WA EATH, KM
el 8
9 Data Before Align Yes/No No Debug £, FXF5%
Enable HiT Ay (5 BE -

IPUG938-2.2
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3.5 i 7 i B

3.5 Bt ER

IPUG938-2.2

A48 Gowin DVI TX RX IP [REF 5
DVI #8554 C B e B B 3-7 Fiioso
& 3-7 DVI #nFE AR FREE

STt inatainis s ipininlininiainininl aipiniaiaint) KainisRainli KninlniainliAxinlnin
vs /T { i | | VeammN
s _AMIL_AR i AN i AN AN AR
o | V4un) upp NSEEE BV annni RuaN 1

ss D i

TMDS & M e B 4 3-8 fis
3-8 TMDS #OFFE
SERIAL_CLK_SXfl fz f3 54 fs fG f7 fB fg fm fu flz f13 f14 fls fle fu
wos_cke _ [ 1 [ - 1 [

TMDS_CLK_N

™Ds_DATAOP _ [ | [ L 1 | L] L

T™DS_DATAON ~ | [ | [ L] L1 M1 N
TMDS_DATALP — | [ L [ 1 1 I .
TMDS_DATALN _ [ | [ | [ L rrr rr.
™ps_paTAZ P L[ L [ 1 1 | I I O
T™DS_DATA2 N _ [ | [ | | LT L e
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4 R E 41DVI TX IP B

4 FHEE

H PRI LM IDE F i 1P A% A alias L B/ H FAEC & S DVI TX Al
RX IP.

41 DVITXIP B &

1. FTJF IP Core Generator

P TG, #die B “Tools” kWi, THrtdi “IP Core
Generator” &35, EJA[FT7JF Gowin IP Core Generator, #1K& 4-1 ffi~.

4-1 ¥TFF IP Core Generator

A GOWIN FPGA Designer - [Design Summary] =2 EcE ===
File Edit Project Window Help _|[&][=
] y Start P o pel e
P art Page B! l,-'ﬂ w . -
Process "%, Gowin Analyzer Oscilloscope
_— ' IP Core Generator 0 .
4 T2 User Constrai T Project File: DpropGowin_DVI_TX_RefDesign\projectdk_video.gpr)
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